Pasteurella haemolytica serotype 1 was transferred daily for 128 serial passages on both unsupplemented brain heart infusion agar and the same basal medium supplemented with bovine blood, horse serum, and yeast extract. Repeatedly transferred cultures were shown to retain the ability to produce both capsular material and leukotoxin. Furthermore, intact organisms were found to be as toxic in vitro for bovine leukocytes and as virulent for mice as unpassaged cultures. These results indicate that the precaution of using only freshly isolated cultures in the study of this organism may not be necessary.
Pasteurella haemolytica biotype A serotype 1 is the major cause of the severe fibrinous pneumonia associated with shipping fever of cattle. Several bacterial factors have been implicated as important in the pathogenesis of this disease. The bacterium elaborates a polysaccharide capsule (6, 8) . The presence of the capsule has been demonstrated to be age dependent (10) and has been suggested as a possible virulence factor of the organism (24) . Another attribute ascribed to the bacterium as a potential virulence factor is its ability to produce a leukotoxin which is toxic for bovine pulmonary alveolar macrophages (3, 18) and peripheral blood leukocytes (4, 16) .
Beginning with reports on the pneumococcus in the early 1920s, it has commonly been believed that continued passage of bacterial pathogens on laboratory medium may result in decreased encapsulation (2, 7, 15) and a loss of virulence (13, 23) . Prolonged incubation of a bovine isolate of P. haemolytica on blood agar plates has been reported to cause a dissociation of the organism from a predominantly smooth to a predominantly rough form, resulting in a loss of virulence for mice (25) . However, another group of researchers reported that a smooth ovine isolate of P. haemolytica was passaged in culture continuously for over 6 months without dissociation to a rough form (5) . The serotype of the organism was not specified in any of these studies. The purpose of the studies reported here was to examine the effect of daily repetitive in vitro transfer on the encapsulation, leukotoxin-producing capacity, and virulence of P. haemolytica serotype 1.
MATERIALS AND METHODS
Microorganism and culturing procedures. The organism used throughout the study was P. haemolytica biotype A serotype 1, originally isolated from a feedlot calf. A lyophilized culture of the organism was reconstituted and plated on either unsupplemented brain heart infusion (BHI) agar (Difco Laboratories, Detroit, Mich.) or the same basal medium supplemented with 5% bovine blood, 10% horse serum (Hazleton Dutchland, Inc., Denver, Pa.), and 1% yeast hydrolysate (ICN Pharmaceuticals, Cleveland, Ohio) (SBHI). A single isolated colony from each type of medium was used to transfer the culture daily to a fresh plate of the same type of medium. All plates were incubated at 37°C in an atmosphere of 5% C02. At regular intervals, a colony from each type of medium was also suspended in phosphatebuffered saline (PBS; pH 7.2) and was used to inoculate four plates of the same medium for confluent growth. After 6 h of incubation, the growth from one plate was suspended in a small amount of distilled H20 and stained to determine degree of encapsulation by the Maneval technique as described previously (10) . The remaining three plates were incubated for 18 h, after which the growth was removed with a cotton swab and suspended in 3 ml of BHI broth containing 15% glycerol (Sigma Chemical Co., St. Louis, Mo.). These suspensions were frozen at -70°C and were used as the inocula for experiments in which comparisons were made between repeatedly transferred cultures. Agglutinability of the transferred cultures was determined by a rapid plate agglutination procedure with chicken antiserum to P. haemolytica serotype 1 (11) .
Leukotoxin production. Toxins were prepared by the method of Shewen and Wilkie (21) . Briefly, organisms grown to logarithmic phase in BHI broth were incubated for 1 h at 37°C in RPMI 1640 medium supplemented with 7% fetal bovine serum. The cultures were then centrifuge (13,500 x g for 15 min), and the supernatants containing leukotoxin were filter sterilized and frozen immediately at -20°C. Extinction endpoints were determined for each toxic culture supernatant to quantitate total toxic activity by a modification of a previously described 51Cr release method (12 
RESULTS
Comparison of encapsulation. Capsule strains performed every 4 to 7 transfers showed no discernible differences in the degree of encapsulation after 128 transfers on either basal or enriched medium (Fig. 1) . In addition, transfers S128 and B128 showed no diminution of agglutinability with antiserum to P. haemolytica serotype 1.
Comparison of leukotoxin production. The extinction endpoints for the leukotoxins from each culture were between 1/32 and 1/128, with no loss of toxinogenicity due to repeated transfer (Table 1) .
Toxicity of organisms for bovine leukocytes. When leukocytes were exposed to eight viable transfer cultures of P. haemolytica at four concentrations each, there were slight variations in measured toxicity among the cultures. At certain dilutions, the variations proved to be significantly different (Table 2 ). However, no culture was consistently more or less toxic than the others within its medium group.
Virulence of transferred organisms for mice. When groups of mice were injected with five concentrations of P. haemolytica from transfer cultures Si, S128, Bi, and B128 in swine gastric mucin, there were no major differences in virulence among the cultures (Table 3 ). The 50% lethal dose calculated for the cultures ranged from 4.9 x 105 to 1.1 x 106 CFU. All five mice receiving PBS plus swine gastric mucin remained healthy, whereas three of the five mice receiving PBS plus 2.0 x 108 organisms from transfer culture Si and all five mice receiving PBS plus 3.5 x 108 organisms from transfer culture Bi died. DISCUSSION P. haemolytica transferred daily up to 128 times on a solid, highly enriched laboratory culture medium was shown to retain its ability to produce both capsular material and leukotoxin. Encapsulation was demonstrated visually by a staining procedure as well as by the agglutinability of the organisms with an antiserum specific for the P. haemolytica capsular serotype (11) . These results do not concur with the statement in Bergey's Manual of Systematic Bacteriology that the carbohydrate capsules of P. haemolytica "are frequently lost after several subcultures" (8) . Rather, they support the cultural stability of the oganism as reported by Biberstein et al. (5) . The capacity for leukotoxin produced by organisms from cultures transferred 128 times possessed as much total toxic activity as toxin produced by organisms transferred only once.
Because the highly supplemented SBHI culture medium contained many of the components (serum and blood) encountered in an in vivo system, a second series of transfers was initiated on unsupplemented BHI medium. Again, there was no diminution of encapsulation or toxinogenesis. There was also little if any difference in the measured parameters between organisms grown on basal versus supplemented medium.
The leukocyte toxicity and mouse virulence tests were performed to examine the effect of repeated transfer on the pathogenicity of the bacterium. The interactions of P. haemolytica with bovine leukocytes have not been completely characterized. The toxic effects of the organisms on neutrophils (4) and mononuclear leukocytes (16) have been shown to be dose related and are presumed .to be due primarily to the liberation of leukotoxin into the medium. To determine if there were differences in the composite effect of the organisms in addition to leukotoxin production, a 51Cr release assay was used to determine toxicity of the intact organisms on bovine leukocytes. The results agreed with those found in the leukotoxin assay in that there was no indication that the transferred organisms were less effective in killing leukocytes than were those freshly isolated from a diseased animal. The mouse virulence test further corroborated those results by showing that the transferred organisms were at least as pathogenic for mice as were unpassaged organisms.
There were statistically significant differences found at certain bacterial dilutions between the 51Cr released by bovine leukocytes after exposure to live bacteria from repeatedly transferred cultures and that released after fewer transfers. However, such discrepancies probably do not reflect actual differences in culture toxicity. The necessity of standardizing the bacterial suspensions on the basis of optical density, which is only a rough estimate of the number of organisms in a culture, introduces an inherent error in the experimental design. Duplicate suspensions of each organism were used, with the results from like suspensions pooled in an attempt to negate the effects of this problem. When results from duplicate suspensions were statistically compared with one another, significant differences were found sporadically which could not be explained by differences in the measured viable cell courts of the suspensions. Therefore (22) or hemoglobin (9) and injection of the mice with ferric ammonium citrate sufficient to saturate their serum transferrin with iron (1) are methods reported to promote lethal infections of mice with this organism. A somewhat surprising result of the present study was that 8 of the 10 control mice injected with P. haeinolytica (transfer 1 from both media) without mucin died. This result may be because the mice were injected with organisms from 6-h (encapsulated, logarithmic-phase) cultures rather than the 16-to 24-h (stationary-phase) cultures used by previous investigators (1, 9, 19, 22) . Organisms from stationary-phase cultures have been shown to have minimal amounts of capsular material (10), perhaps making them more susceptible to phagocytosis by mouse peritoneal phagocytes. A smooth strain of P. haemolytica covered with a surface or envelope antigen was similarly shown to be more virulent for mice than was a nonsmooth strain (5).
In conclusion, 128 repeated transfers of P. haemolytica on laboratory medium failed to reduce the organism's ability to make two products assumed to be virulence factors, namely, capsular material and leukotoxin. The transferred organisms were also as pathogenic as the freshly isolated culture in both an in vitro toxicity assay and an in vivo virulence study. In the past, our laboratory and others (14, 17) have been careful to use cultures which have been freshly isolated from a diseased animal for leukotoxin preparation and challenge exposure studies. These results indicate that passage of the organism in a susceptible animal may not be necessary to maintain toxicity and virulence.
